Twelve patients anaesthetized with a mixture of nitrous oxide and oxygen were passively hyperventilated, muscular relaxation being provided by d-tubocurarine. Spontaneous respiration commenced when the patients still had a marked respiratory alkalosis; in three patients active pulmonary hyperventilation occurred in the immediate postanaesthetic period. Five patients with a pre-existing respiratory acidosis also started to breathe with a blood carbon dioxide tension below the pre-operative level. It is concluded that, in conditions in which the respiratory centre is not depressed, stimuli arising in the periphery may initiate respiration despite a low arterial blood carbon dioxide tension. The clinical importance of this is discussed.
There has been no account of the factors Pco, values attained during anaesthesia were in influencing the initiation of spontaneous respiration in the conditions which pertain when patients for surgical operations are lightly anaesthetized, given a large dose of a relaxant drug and subjected to passive pulmonary hyperventilation. This paper describes a simple investigation into this problem.
METHOD
All the patients investigated were anaesthetized for lower abdominal operations and the duration of anaesthesia was not less than 1 hour nor greater than 2% hours. Pre-anaesthetic medication consisted of promethazine, either 50 mg given orally the night before operation or 25 mg intramuscularly 1 hour before, whilst every case received atropine 0.6 mg intramuscularly 1 hour before induction. After a test dose of 5 mg of d-tubocurarine a large dose of the drug was given (i.e. to a total of 0.6 to 0.8 mg/kg body weight) and this was followed by thiopentone (100 to 250 mg): in four of the patients the thiopentone was given before the d-tubocurarine. An unlubricated endotracheal tube was passed without topical analgesia being applied to the larynx, and anaesthesia was maintained with a mixture of nitrous oxide and oxygen only. Pulmonary hyperventilation was effected either by manual compression of the reservoir bag or by the use of an Aintree respirator. The 785 the range of 19 to 28 mm Hg. At the end of the operation atropine 1.2 mg was given intravenously, followed by neostigmine (a total of 5 mg given in divided doses). Pulmonary hyperventilation was continued during this time, but in seven of the patients investigated the proportion of nitrous oxide delivered to the circuit was reduced from 66 per cent to 50 per cent as soon as the neostigmine had been given. In every case spontaneous respiration was resumed when pharyngeal toilet was performed or when the endotracheal tube was manipulated. After it had become obvious that spontaneous respiration had been re-established, the nitrous oxide was turned off completely, the pharynx again cleared of secretions by suction and the endotracheal tube removed: consciousness was regained within 2 minutes of extubation. Further suction was applied to the pharynx if required, and oxygen was administered to four patients for a short period after extubation.
Samples of blood were taken from the radial or brachial arteries by means of a polyethylene cannula; in four patients, however, some samples of arterialized venous blood (Brooks and Wynn, 1959) were used for determinations of pH and Pco 2 during the operation, but arterial blood was obtained at the time of resumption of spontaneous respiration. Oxygen saturations of the blood were determined in the Kipp haemoreflectometer and pH and Pco, estimations with the capillary electrode following the method described by Robinson and Utting (1961) . Table I summarizes the results in the twelve normal patients studied. The pH and Pco 2 values determined from samples taken in the wards are not necessarily the same as those found in the anaesthetic room, since, with the light premedication used, patients tend to hyperventilate through anxiety as the operation becomes imminent. The "initiation of respiration" values for pH and Pco 2 were taken as those recorded when the patient resumed regular spontaneous respiration which was continued except for some interruption at extubation. Figure 1 shows the difference between the Pco, value in the ward and that at the initiation of respiration for each patient. It can be seen that respiration was resumed at a carbon dioxide tension appreciably below normal and that in some cases the hypocapnia was considerable. Usually the carbon dioxide tension climbed rapidly toward the normal in the immediate postanaesthetic period (i.e. in the first 10 minutes or thereabout). In three patients, however, there was active pulmonary hyperventilation following extubation. Figure 2 illustrates the data from one of these cases. It will be seen that the arterial carbon dioxide tension was low at the onset of spontaneous respiration, that there was some increase immediately after extubation, but that the tension thereafter declined and remained low for the rest of the period of observation. A surprising finding which emerged was that five patients with chronic hypertrophic pulmonary emphysema who had a moderate degree of respiratory acidosis before operation also started to breathe in absolute or relative respiratory alkalosis. The results from the estimations of Pco 2 in twelve patients prior to operation and at the point where spontaneous respiration commenced at the end of anaesthesia. The top dot represents the Pco 2 value found in the ward, the bottom the PcO; value at the "initiation of respiration".
RESULTS
The results from these patients are shown in table II. In two of these patients a relative respiratory alkalosis was continued in the immediate postanaesthetic period ( fig. 3 ). 3 The blood gas changes at the initiation of respiration after pulmonary hyperventilation in a patient aged 65 with moderately severe emphysema.
The levels pre-operatively and during anaesthesia are indicated.
that a period of apnoea is the rule in patients under anaesthesia. Robinson and Gray (unpublished observations) in a series of experiments on conscious volunteers also found no apnoea after passive hyperventilation, breathing starting at a very low carbon dioxide tension (table III) : these subjects did not have their attention drawn to the process of restarting respiration; indeed it was only in retrospect that the investigators themselves realized the full significance of their finding (Robinson and Gray, 1961) . Fink (1961) emphasized the importance of consciousness in the process of the initiation of respiration after anaesthesia with passive hyperventilation : he concluded that there was a powerful stimulus to respiration depending on the "wakefulness activity of the brain". Under the conditions here reported, however, spontaneous respiration started at low carbon dioxide tensions in every case before consciousness was regained. The many factors that influence respiration have been emphasized by Gray (1946) and it is not surprising that different results should be obtained under different conditions. In this investigation no respiratory depressant drugs were used to maintain anaesthesia and it seems that stimuli arising from the periphery were sufficient to cause the initiation of the process and its subsequent maintenance.
Stimulation arising in the wound may be a factor, even though these patients were routinely free from pain for a short time after awareness returned, for it is well known that surgical stimuli can modify respiratory activity even in the unconscious patient. It would, however, appear that the main stimuli initiating respiration arise from the pharynx and trachea and from the sudden increase in muscular tone (proprioception) following the administration of neostigmine. In this respect it is interesting that in instances where topical analgesia has been applied to the larynx and trachea before intubation there has frequently been a delay in the resumption of spontaneous respiratory activity. It is fair to speculate in this context as to whether the buildup of afferent stimuli following the restoration of muscle tone by neostigmine is to some extent responsible also for the arousal of the patient. It is conceivable that variations in muscle tone resulting from spontaneous respiration assist in the return of consciousness, rather than, as suggested by Fink (1961) , vice versa.
The findings here reported have important clinical implications, for the work of Riding and Robinson (1961) showed that the administration of neostigmine to patients in a state of respiratory acidosis was more likely to lead to bradycardia and cardiac arrhythmia than when it was administered to patients in a state of respiratory alkalosis. It has been the belief of one of us (T.C.G.) that neostigmine should not be given to reverse the neuromuscular blocking action of the non-depolarizing relaxants unless some signs of respiratory activity had returned. That no mishap has occurred under these circumstances may be due to the patient's resuming spontaneous respiration after pulmonary hyperventilation with a low arterial carbon dioxide tension. Nevertheless it would seem unwise to continue this practice since the conception of what is meant by hyperventilation varies from anaesthetist to anaesthetist. It would certainly seem unwise and unnecessary to reduce the pulmonary ventilation at the end of the operative procedure, and the use of carbon dioxide to restore respiratory activity is to be deplored. This applies not only to healthy patients but also to those who are in a state of respiratory acidosis before operation.
The continuation of the hyperventilation which has been observed in some of these patients may be attributable to a "volume drive mechanism" similar to that invoked by, amongst others, Smith, Spalding and Watson (1962) to explain a similar phenomenon in patients weaned from long periods on respirators.
Finally it is obvious that these results would not have been found if depression of the respiratory centre had been produced by the use of potent anaesthetic or narcotic agents. Douze malades anesthesias par un melange de protoxyde d'azbte et d'oxygene ont ete passivement ventiles, la relaxation etant assured par la tubocurarine. La respiration spontanee reprit, alors que les malades prtsentaient toujours une nette alcalose respiratoire. Chez trois malades on observait une hyperventilation pulmonaire active au devours de l'anesthesie. Cinq malades qui avaient presents auparavant une acidose respiratoire se remirent a leur tour a respirer, alors que la pression du CO a sanguin restait infeiieure au taux pr£op£ratoire. On en conclut qu'en l'absence d'une depression respiratoire, les stimuli peripheriques peuvent faire demarrer la respiration en depit d'une basse pression de COi dans le sang. On discute l'importance clinique de cette observation. 
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